Mitochondrial osmiophilic bodies were found in the goblet cells of the small intestine in a group of muscular dystrophic mice. They were not found in any littermate normal control mice.
Intramitochondrial
Dense dense content. Mitochondria with such dense bodies were distributed throughout the goblet cells. Adjacent absorbing epithelial cells had none of such mitochondrial bodies. Though the site of formation of the mitochondrial bodies remains to be investigated, the Golgi complex did not appear to be involved in the transportation of the dense bodies. Digestion of sections with ether-chlorofolm
(1:1) slightly decreased the density of the mitochondrial body. Ruthenium red staining was not visible over the dense bodies but trace of Ru was detected by X-ray microanalysis.
X-ray microanalysis indicated very few, if any, amounts of P and Ca, and it was not probable that phospholipid and calcium binding protein were the main constitution of these dense bodies.
Comparative studies of dystrophic muscle of humans and experimental animals suggested that some alteration in the level of lipid metabolism was involved in muscular dystrophy.
In search for morphological evidence of a different level of lipid metabolism in dystrophic mice (MAKITA, KIWAKI and SANDBORN, 1973) , the epithelial cells of the small intestine were surveyed in comparatively long lived and severely affected dystrophic mice. In the ileum of four out of seven mice, one or two round dense bodies were found in many mitochondria of goblet cells. Since such dense bodies were not found in the littermate normal control animals they drew our attention, though we could not find similar dense bodies in a parallel study of muscular dystrophic hamster, and subjected the dense bodies to cytochemical and X-ray microanalysis.
These dense bodies might be an indication of abnormality in the transportation of lipid-rich substance.
Furthermore they might be potential evidence for a relationship between the morphology of mitochondria and the transport of dense substance in goblet cells under specific conditions.
Materials and Methods
Seven dystrophic mice of strain C57BL/6J-dydy and four normal controls were sacrificed at 177 days of age. Average body weights of the dystrophic and control mice were 12g and 26g, respectively.
Under ether anaesthesia the animals were opened both in the thoracic and abdominal cavities and perfused with Ringer solution through the left cardiac ventricle, followed by injection of fixative consisting of 4% * Supported by grants from the ministry of Education of Japan and Japan Society for the Promotion of Science. * Presented at 2eme Reunion Annuelle Societe de Microscopie du Canada 1975. glutaraldehyde, 5% sucrose and 2% DMSO in 0.1M sodium cacodylate-HCl buffer. After a brief period of perfusion with this solution, small pieces of ileum from each animal were taken and immersed in the same cold fixative for an additional 1hr and then post-fixed in 2% OsO4 buffered with 0.1M sodium cacodylate-HCl for 2hrs. Some specimens were treated with ether-chloroform (1:1) solution for 45min-2hrs at room temperature.
Some other specimens were immersed in ruthenium red (RR) containing glutaraldehyde solution and RR containing OsO4 by the method of LUFT (1971) in an attempt to stain the mucous substance in goblet cells. The RR containing fixatives were prepared as follows.
I. 12.5% glutaraldehyde 0.5ml
X-ray microanalysis of semi-thin sections, approximately 3,000A thick, of epoxy embedded RR stained material was performed either with SEM (JSM U3)-energy dispersive X-ray detector (Tracor-Northern) at 25kV or with TEM (JEM 100C)-EDX (EDAX707) system at 60kV for 100-200 sec. 
Observations
The cytoplasm of the goblet cells in the ileum of the control mice contained many ribosomes, well developed rough surfaced endoplasmic reticulum, tonofilaments, pale and dense mucous globules and a number of mitochondria which had normal matrix granules.
Pale type granules contained fibrial substance while dense type appeared to have membraneous substructure in dense background substance.
It was of interest that many mitochondria in the goblet cell of dystrophic mice contained one or more osmiophilic spherical bodies. Adjacent absorbing cells also had some dense structures in cytoplasmic matrix but they were not always spheroidal and not localized in mitochondria.
Dense body containing mitochondria were localized not only in the apical part of goblet cells but also in the middle and the basal portion of the cell. These dense bodies appeared slightly larger in the basal part of the cell than in the apical portion. Although it has been established that mucous droplets in goblet cells are formed in the Golgi complex the mitochondrial dense body appeared independent of the Golgi even when the dense body containing mitochondria were in juxtaposition to the complex (Fig. 1) .
At higher magnification the mitochondrial bodies looked like a sort of matrix Surface of bodies occasionally studded with dense parti-mitochondrial bodies resulted from ether-chloroform digestion made it possible to reveal a limiting memdrane in some cases (Fig. 3) .
Energy dispersive X-ray analyser (EDX) attached to transmission electron microscope (TEM) operated in the scanning electron mode could detect only Os, P, Cl and S. All of these elements might partly or entirely due to fixative and embedding medium.
Analysing specimen which were stained with ruthenium red it was hard Fig. 3 . The basal portion of a goblet cell at its final stage of secretion. Three round dense bodies are seen in this field one of which reveals its limiting membrane (arrow). Treated with ether-chloro-to localize this element in matrix bodies because characteristic X-ray of ruthenium ated in the transmission electron mode could identify additional elements such as Mg, Fe, and Ru. Ruthenium was detected by the increased peak of Cl compared with eV) of ruthenium. Calcium was expected to be a main element in the intramitochondrial body but this element was not identified in the characteristic X-ray spectra. Considering the sensitivity of the instruments employed and the probability that a great deal of elements might be lost during preparation of specimen this result did not eliminate the possibility of calcium in the mitochondrial body but it would be considerably lower concentration than it might be expected.
Discussion
Inclusion bodies of various forms have been described in mitochondria in many types of cell (MUNN, 1974) . Typical osmiophilic inclusions have been reported in cells which are presumed to be involved in steroid synthesis. The mitochondrial granules were described, for example, in the cell of adrenal cortex of rat (MAGALHAES and MAGALHAES, 1968; FRUHLING, MENEGHELLI and CLAUDE, 1968) , ox (FRUHLING, MENEGHELLI and CLAUDE, 1968) and sheep (LUTHMAN, 1971) . They were also found in human As reviewed by BARNARD and AFZELIUS (1972) mitochondrial matrix granules were reported in many other types of organs such as kidney, muscle and bone though they were not always round in shape. Mitochondria in the normal mouse gallbladder epithelium also appeared to have matrix granules (WAHLIN, BLOOM and CARLSOO, 1974) .
In intestinal cells, intramitochondrial bodies were described in the undifferentiated cells of the proximal small intestine of fasting humans (TRIER, 1963) . They appeared much smaller than those reported in this paper. To our knowledge there is no documented report on the mitochondrial matrix bodies in any type of goblet cells.
Analysing the content of mitochondrial particles in the preputial gland of mice, SANSONE, SWARTZENDRUBER and SYNDER (1970) suggested that main components were neutral lipid. WENDEL and BARNARD (1974) digested isolated mitochondria from interscapular brown adipose tissue and concluded that phospholipids might be the main components of the mitochondrial body.
Though the nature and function of the mitochondrial body still remains to be elucidated, it is generally accepted that they are lipid-rich (ASHWORTH et al., 1966) and it has also been presumed that they are involved in the transport of cations. ROUILLER (1960) and PEACHEY (1964) suggested that the normal matrix granules prime the accumulation of divalent cations. On the other hand, experimental evidence has been presented to suggest that the normal matrix granules are not the exclusive sites for the deposition of Ca+2 and Sr+2 (GREENAWALT, ROSSI and LEHNINGER, 1964; GREENAWALT and CARAFOLI, 1966; VASINGTON and GREENAWALT, 1968; PASQUALI-RONCHETTI, GREENAWALT and GARAFOLI, 1969) The normal mitochondrial granules are much smaller than the dense body analysed here. In the present experiments, digestion of sections with ether-chloroform could decrease but not remove the dense content of the mitochondrial body. It is unlikely that the dense body in mitochondria of goblet cells may be involved in the steroid synthesis as in other tissues as mentioned before. Absence of the mitochondrial body in the absorbing epithelial cells indicates that it may not be involved in lipid absorption in the small intestine.
The result obtained by X-ray microanalysis suggested the scanitiness of P and substantial absence of Ca in the dense matrix body in the mitochondria of goblet cells. This may imply unlikelyness of this type of dense body being phospholipid or calcium binding protein. According to the X-ray microanalysis of the normal mitochondrial granule of a chondrocyte (SUTFIN, HOLLROP and OGILVIE, 1971 ) and the intramitochondrial dense bodies in the bladder epithelium of mice fed the bladder carcinogen (KNOWLES, WEAVERS and COOPER, 1972) , both Ca and P were detected.
So inability to detect Ca and other elements in the mitochondrial body of goblet cells might only indicate the unexpectedly low concentration of it. The dense body in the present study is jndged not to be a Ca-rich granule; Ca has been clearly detected in the specific dense bodies in other organs such as cardiac muscle of the duck and the oviduct of the hen under the similar preparatory conditions (MAKITA, 1973) It was interesting that X-ray microanalysis suggested that the mitochondrial body was stainnable with ruthenium red which usually stained only extracellular mucosubstance.
This implied the composition of the dense body to be rather mucoid substance than a phospholipid or calcium binding complex. In this regard the present findings might be interpreted as an indication of relationship between mitochondria and mucous substance in the goblet cell (MAKITA et al., 1972) 
